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Recently Singh and Jaiswal (1970, i971a, b) have studied the Raman 
spectra of para-halostyrenes and made a complete assignment of the 
observed lines. The present communication reports briefly thermodynamic 
functions calculated for the ideal gases of para-fluoro-, -oliloro- and- bromo- 
styrenes at the pressure of one atmosphere under tlie rigid rotor harmonic 
oscillator approxitnation as these values arc expecU^d to he much more 
accurate than those obtained by any experimental method.
I ntrodtjotion
The total energy of a system is given by
£ =  (^ trans^Crot^GDtb-^^ elee, ... (1)
where the subscript trans stands for translational, rot for rotational, vih for vibra­
tional and dec for electronic.
The partition function Q in terms of energy is given by
Q =  Sgrfexp(—eijkT) ~  Qtrans-Qrot-QvibQelect (2)
where gi is the statistical weight, h is the Boltzmann constant and T is the absolute 
temperature
Thus one has to calculate each of the partition functions in equation (2) 
separately and then add together their contributions to thermodynamic functions. 
The electronic contribution is small and ignored because teuc is large compared 
to IcT at ordinary temperatures. For the remaining partition functions, the stan­
dard expressions as given by Colthuj) et al (1964) have been used and their contri­
butions to thermodynamic functions have been evaluated at various temperatures.
Caloulation s an d  R esults
The molecules under study possess a single asymmetric off-balance top 
(vinyl group) attachr 1 to an essentially rigid frame (phenyl group). The rotation 
of the top is hindered by a two-fold potential barrier. I f  the internal rotation is 
entirely free, this vibrational degree of freedom has to be omitted from the 
vibrational partition function and instead an approprialie term is added to the
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rotational partition function. Its contribution to thermodynamic functions can 
be calculated by using formulae given by Herzberg (1945). But in the case of 
hindered internal rotation as for the present molecules it is necessary to apply 
certain modifications in their free internal rotation contributions. These modi< 
fications are possible with the heljj of Pitzor & Gwinn’s tables (1942). Use of these 
tables needs a knowledge of the partition function of free internal rotation (Q/) 
and hindering potential barrier height (Kg). To a good approximation Qf for 
a single rotor is
Qf = <Tih (3)
whore is the reduced moment of inertia of the top, is the number of potential 
minima per revolution, also the symmetry number of internal rotation and othoi  ^
terms have their usual meanings. For para-halostyrenes cr< =  2 and the value of 
Fq is calculated (in harmonic oscillator approximation) by the relation
Fg =  n^/4F, (4)
where F  ■= and vt is observed torsional frequency which appearsoTT^ Cl fji
at 73, 67 and 67 om“ ’ in para-fluoro-, -chloro- and -bromostyrenos, respectively.
Considering each molecule a planar one having Cg symmetry, principal mo­
ments of inertia I„, ly  and Iz have been calculated where y and z axes are in the 
plane of the molecule and the a;-axis is perpendicular to the plane. The structure 
data have been taken from Beckett & Pitzor (1946), Morer & Mulhkon (1969) 
and International Tables for X-ray Crystallography (1962). The reduced moments 
of inertia have been calculated by the formula given by Pitzer (1946) for asymme­
tric off-balance top molecules. The moments of inertia, reduced moments of 
inertia, F  and hindering potential barrier height Fg thus calculated are given in 
table 1. The calculated values of the heat capacity, enthalpy function, entropy
Table 1. The calculated values of moment of inertia, reduced moment 
of inertia, F, and potential barrier heights of para-fluoro-, -chloro- 
and -bromostyrenes
Principal momonts of inertia 
(10“^®gm cm^)
Ileduced 
moment of
F
(cm-i)
Barrier 
height Fo 
(ICoal/molo)Iz l y U (10-^^gm cm®)
p-F-styrono 16.70 82.84 99.64 2 1099 1.3268 2.873
p-Cl-styreno 16.90 117.42 134.32 2.1986 1.2725 2.621
p-Br-styrone 17.12 174.82 191.94 2 2688 1.2330 2.602
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and free energy function at various temperatures ranging from IOO-1500'’K  for 
the para-fluoro-, -chloro- and -bromostyrenes are given in tabic 2 and represented 
by curves in figures 1 and 2. Here is the energy of one mole of an ideal gas 
at absolute zero, is its enthalpy and (r® is its free energy.
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----- • ‘ A B S O L U T E  T E M P E R A T U R E , \Figure 1. Variation of enthalpy function and boat capacity with absolute temperatures foi para-fluoro-, -chloro- and -bromostyrenes.
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2 Variaiion of froo onorgy function and mitropy with absoluto toraporaturna for 
para-fluoro-, -uhloro- ainJ -broinoutyronea
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